Introduction
Fat embolism is a well-recognized complication of all major fractures. Wilson and Salisbury (1944) found a 5%/ mortality among 119 fractured long bones in battle casualties from this cause. Postmortem studies after traumatic deaths have shown a high incidence of severe fatal fat embolism-20% by Vance (1931) and 33%' by Robb-Smith (1941) . Sevitt (1966) reported that 90-100%, of people dying after injury show varying degrees of pulmonary fat embolism.
As a clinical problem fat embolism has been mentioned only rarely after transcervical fractures in the elderly. A review of replacement arthroplasty, carried out under the auspices of the American Orthopaedic Association, makes no mention of the problem (Reynolds, 1958) . Vanderwater (1961) reported the case of an elderly patient with a transcervical fracture of the femur who died under a general anaesthetic from this cause, but no details are given. Sporadic reports have recently appeared in the medical literature (Burgess, 1970; Gresham and Kuczyhski, 1970; Harris, 1970; Hyland and Robins, 1970) .
Clinical distinction between sequelae of fat or thrombotic embolization and old age is difficult: confusion, tachycardia, and faecal or urinary incontinence are common to both states. It is not sufficiently appreciated how often pulmonary embolization in the elderly produces psychiatric or neurological (Table II) had undergone prosthetic replacement of the hip (Thompson's); three (Table  III) had had internal fixation by nail-plate; and six, owing to their poor condition, had had no surgical procedures whatever (Table III) . None of the fatalities following internal fixation or conservative treatment showed a significant amount of fat in their lungs, kidneys, or brain-that is, under x 100 magnification one or at most two capilliries were seen to contain fat, in globular rather than "sausage" form.
No evidence was found of platelet aggregation or thrombus formation in-vessels of the lungs containing embolized fat, though increased numbers of megakaryocytes were seen in three of the road traffic victims. This last, of course, is not unusual.
In six instances the possibility of fat embolism was not even mooted. Only one patient (Case 5) showed a diathesis which could be said to characterize the fat embolism syndrome: she was, probably not coincidentally, the longest survivor; this would support the hypothesis that the syndrome develops after release of fat from the pulmonary circulation. However, at no time were petechiae present.
Discussion
The above data suggest that neither internal fixation nor the fracture itself is the likely cause of serious fat embolism. The comparison is valid, especially with the untreated group, which was, coincidentally, well matched for age (Table IV) and sex. In striking contrast, a review of 28 consecutive "cold" hip operations performed during this time (6 Charnley, 21 McKee-Farrar, and 1 Osborne-Ball procedures) showed a low morbidity and no mortality. It is of interest that neither Charnley (1970a, 1970b ) nor G. K. McKee (personal communication, 1970) themselves have noted fat embolism or have had a death from that cause. Arden (1970) reported two cases of fat embolism, one fatal, after total knee-replacement arthroplasty using cement, but there does not seem to be any other record of problems in the "cold" case. The other major difference in our series was that the mean age of candidates for a Thompson prosthesis was 15-5 years higher than that of the "cold" group.
Methylmethacrylic cement is probably not responsible. In the first place, it is used in the McKee-Farrar procedure in much the same fashion as with Thompson's prothesis. Secondly, methylmethacrylic cement has been used in orthopaedic surgery for 19 years and has not been noted to cause general toxic problems in clinical use. High doses-for example, 125 mg/100 ml-of the monomer given intravenously to dogs cause death; this corresponds to 6-25 g in man. The only noted effect in man seen in total hip replacement operations has been a transient drop in blood pressure three minutes after the cement had been used in two-thirds of the patients; this is also seen in other arthroplasties, and occurs more often after the acetabular (rather than the femoral) component has been cemented into place. This suggests that the pressure of forcing the cement into the femoral cavity may be the fault, rather than the cement itself.
Reaming of the medullary cavity is a feature of all commonly used operations for replacement of the femoral head. It is interesting to note that the mortality in, for instance, Moore's prosthesis (Hunter, 1969) is remarkably similar to that in our series; these deaths may also be related to the incidence of unrecognized fat embolism.
The pressure created by ramming cement into the femur must be considerable in clinical practice, particularly if no vent is provided to allow blood and marrow to escape; but no pressure measurements seem to have been carried out in vivo without venting, partly on eminently reasonable ethical grounds. D. W. Parsons (personal communication, 1970) (1968)) is probably injected into the circulation by this mechanism.
The absence of deaths with McKee-Farrar prostheses may be explained partly by the age difference. At least two patients (Cases 2 and 4) and possibly two others (Cases 1 and 3) may have died of vasovagal shock, rather than an oxygen diffusion block; it is possible that the younger McKee cases withstand the insult more effectively.
The patient seems to be at risk principally in the first 48 hours; presumably by the end of that period the fat has been absorbed and finely dispersed in the survivors. Alternatively, it may be that in different patients fat is released into the circulation at varying rates, allowing tolerable degrees of embolization in some cases and causing lethal episodes in others.
During this "early" period, however, clinical diagnosis is impossible or at best difficult; blood gas studies are recommended by Ross (1970) In many series the mortality rate following replacement arthroplasty has been greater than that of internal fixation (Addison, 1959; Garcia et al., 1961; Boyd and Salvatore, 1964; Hunter, 1969) . In the past this increased mortality has been accepted in order to avoid the morbidity and subsequent deaths which arise from avascular necrosis, non-union, and their treatment. Hunter (1969) , however, showed that the mortality from a secondary prosthetic replacement procedure is low: 90% of patients are alive six months later. It is difficult to explain this difference but reasonable to reconsider the role of femoral head replacement in acute fractures of the elderly.
Conclusion
The use of Thompson's replacement arthroplasty with methylmethacrylic cement is associated with a high risk of fatal fat embolism in the immediate postoperative period; this may be due partly to the age of the patient and in part to the technique used.
Search for fat embolism should be more often performed in investigation of death following orthopaedic procedures, especially those involving compression of marrow spaces; clinical evidence tends to obscure and be obscured. That fat embolism occurs more often than it is recognized can be inferred from the close similarity between the death rates in our series and those of other authors.
It is suggested that internal fixation may be preferable in the treatment of acute fractures of the femoral neck, unless and until acceptable prophylactic measures can be devised.
